This study aimed to assess the effect of intracellular prolactin (ICPRL) and hyperprolactinemia on cell replication, using an immunohistochemical (IHC) technique for Ki-67 and Mcm-2, and angiogenesis, using IHC for endoglin CD-105, in central nervous system (CNS) tumors. This cross-sectional study included 79 cases of surgically excised primary CNS tumors of neuroepithelial origin (41.8% of all cases: 10.2% astrocytomas, 24% glioblastomas and 7.6% oligodendrogliomas) and meningeal origin (58.2% of all cases). Ki-67 and Mcm-2 indexes were calculated as a percentage of marked cells. The medians for Ki-67 and Mcm-2 indexes were significantly lower in meningiomas than in glioblastomas (p < 0.001 for Ki-67 and p < 0.001 for Mcm-2) and oligodendrogliomas (p < 0.001 for Ki-67 and p = 0.02 for Mcm-2). A good correlation was observed between the Ki-67 and Mcm-2 (r S = 0.60) replication markers. There were no significant differences in vascular density between the different histological types. Immunohistochemistry for ICPRL was positive in 45.6% of the tumors. Serum prolactin (PRL) was elevated in 30.6% of the cases. Multiple regression analysis revealed no important correlation of ICPRL and serum PRL on Ki-67 and Mcm-2 indexes or vascular density. The analysis of the combined impact of ICPRL and serum PRL variables revealed a trend towards an increase in microvessel density in tumor tissue and a significant increase in cell replication markers (p = 0.009 for Ki-67 and p = 0.05 for Mcm-2). PRL in tumor tissue may be one of the modulating factors of cell proliferation in the CNS.
Introduction
Prolactin (PRL) was originally identified as a neuroendocrine hormone of an exclusively pituitary origin, but its presence and secretion have been recently described in other tissues [1, 2] . The main extrapituitary sites of PRL production are the decidua, mammary tissue, Tlymphocytes, brain and endometrium [3, 4] . Likewise, PRL receptor (PRL-R) has already been found in the hypothalamus, choroid plexus and lymphocytes [3] , as well as in prostate and breast tumors and in some cases of central nervous system (CNS) tumors [5] [6] [7] [8] .
More than 300 different organic functions have been reported for PRL in different tissues [4] . At the cellular level, PRL has mitogenic, antiapoptotic, morphogenic, secretory activity and angiogenesis modulation effects [5, 9] .
The association between PRL and breast cancer risk has been described by several authors [10] [11] [12] , and the expression of PRL and PRL-R has also been detected in prostate cancers [13] , where it has a positive correlation with the histological degree of the tumor [14] . Evidence suggests that PRL stimulates cell proliferation, increasing motility and modulating neovascularization in some tumor strains [5, 13] . The role of PRL in the CNS is uncertain, although its mitogenic activity in astrocytes [15] and its proliferative effect in meningioma [16, 17] and glioblastoma [18] cultured-cells have previously been described. A recent study demonstrated the presence of PRL and hyperprolactinemia in a series of CNS tumors [8] . Therefore, this study evaluated the possible association between intracellular PRL (ICPRL) and elevated serum PRL with cell proliferation, assessed using Ki-67 antigens and the minichromosome maintenance protein 2 (Mcm-2), and with angiogenesis, assessed using endoglin
Materials and Methods
This cross-sectional study included 79 cases of primary CNS tumors of neuroepithelial (41.8%) and meningeal (58.2%) origin that were surgically excised at Hospital São José at Irmandade Santa Casa de Misericórdia de Porto Alegre (ISCMPA), Brazil, over a period of 40 months. Patient age ranged from 15 to 86 years (mean age = 55.6 years) and 67% were women. The neuroepithelial tumors were distributed as follows: astrocytomas (10.2%), glioblastomas (24%) and oligodendrogliomas (7.6%). The classification and grading of the tumors according to the World Health Organization (WHO) criteria [19] is shown in Table 1 .
This study was approved by the Research Ethics Committee of Universidade Federal de Ciências da Saúde de Porto Alegre (UFCSPA). All patients signed an informed consent form, and the authors signed a term of confidentiality.
Before the surgery, patients were asked about exposure to medications that potentially increase serum PRL levels, and an affirmative answer was considered as an exclusion criterion, as well as elevated levels of thyroidstimulating hormone (TSH). One day before the procedure, serum PRL and TSH were measured by an automated direct chemiluminometric assay (Chiron Diagnostics Corp., East Walpole, MA). Prolactin levels above the All patients were operated on by the same neurosurgeon. After routine histopathological exam, a sample of the surgical specimen embedded in paraffin was cut (3 m microtome) and prepared for immunohistochemistry.
The same pathologist examined all slides to confirm the diagnosis and determine tumor histological type and grade according to the WHO criteria [19] .
The streptavidin-biotin-peroxidase method was used to detect Ki-67 and Mcm-2 proteins, ICPRL and endoglin (CD-105). Primary antibodies used were anti-Ki-67 (MIB-1, Dakocytomation, Glostrup, Denmark; dilution 1/150), anti-Mcm-2 (CRCT2.1, Novocastra, Newcastle, United Kingdom; dilution 1/30), anti-CD-105 (4G11, Novocastra, Newcastle, United Kingdom; dilution 1/50) and antiProlactin (polyclonal, Dakocytomation, Glostrup, Denmark; ready for use). Antigen recovery for Mcm-2 and CD-105 antibodies was conducted using tris-EDTA (pH = 9.0) for 40 minutes, and for Ki-67, sodium citrate (pH = 6.0) for 30 minutes. Antigen recovery was not performed for ICPRL. Endogen peroxidase activity was blocked using hydrogen peroxide and non-specific proteins with bovine albumin. The antigen-antibody connection was visualized using diaminobenzidine (DAB). Palatine tonsil was used as positive control for the antiKi-67, anti-Mcm-2 and anti-CD-105, and prolactinoma tissue for anti-Prolactin (Figure 1) . The same slices without primary antibody were used as negative controls.
Ki-67 and Mcm-2 indexes were calculated as a percentage of marked nuclei in about 1000 cells and expressed as the mean of the values found by two observers, who were blinded to the experiment [20, 21] . To evaluate the expression of ICPRL, the unequivocal presence of at least 1% of tumor cells with clearly marked cytoplasm in 300 counted tumor cells was classified as positive [8, 22] . Evaluation of microvascular density (MVD) using anti-CD-105 was performed using the Chalkley point counting method, internationally acknowledged as the criterion standard for the evaluation of MVD [23] . The technique consists of selecting three fields of greater MVD-the so-called hotspots-which are subjectively chosen on each slide after scanning the tumor section in a microscopic field of low magnification (×10). The Chalkley grid with 25 random points was attached to the lens of a light microscope and, at a larger magnification (×200), directed to each hotspot so that the greatest number of grid points coincided with the endothelium or fell within the microvascular areas stained with IHC. Endothelial cells or cell groups were classified as countable microvessels. MVD CD-105 was evaluated according to the mean count of microvessels in the three hotspots, also called the Chalkley index or mean MVD. The Chalkley point count was performed by two experienced observers independently. The final MVD was the mean value of the two independent counts.
Median Ki-67 indexes in meningiomas, astrocytomas, glioblastomas and oligodendrogliomas were 3.0%, 4.7%, 10.4% and 18.6%, and there was a significant difference between meningiomas and glioblastomas (p < 0.001) and oligodendrogliomas (p < 0.001).
Median Mcm-2 indexes were 7.2%, 6.8%, 30% and 20.4% for meningiomas, astrocytomas, glioblastomas and oligodendrogliomas, and there were significant differences between meningiomas and astrocytomas when compared to glioblastomas (p < 0.001 and p < 0.001) and oligodendrogliomas (p = 0.02 and p = 0.05).
Median vascular density values were 8.1; 6.7; 9.2 and 12.8 for meningiomas, astrocytomas, glioblastomas and oligodendrogliomas, but there were no significant differences between groups.
The correlation between Ki-67 and Mcm-2 was good (r S = 0.60), but only fair between vascular density and Mcm-2 (r S = 0.39) and Ki-67 (r S = 0.21).
Immunohistochemistry for ICPRL was positive in 36 (45.6%) of the tumors. There were no significant differences between groups with and without positivity for ICPRL regarding age, sex, tumor histological type or cell proliferation and angiogenesis markers (Tables 2 and 3) . Serum PRL samples were available from 62 of the 79 cases analyzed. Serum PRL levels ranged from 4 to 70 ng/ml, and were high in 19 cases (30.6%). No significant differences were found in age, sex, histological type or cell proliferation and angiogenesis markers between the groups of patients with variable hyperprolactinemia and normal serum PRL (Tables 4 and 5) .
When evaluated in isolation using a multiple regression model, no important effect was found for ICPRL or serum PRL on Ki-67 and Mcm-2 indexes and vascular density.
Results
To assess the possible combined impact of ICPRL and serum PRL variables on cell replication and angiogenesis There was good agreement between readings by the two markers, the 62 samples were assembled into three groups: group 1 = positive ICPRL and hyperprolactinemia; group 2 = ICPRL or hyperprolactinemia; and group 3 = negative ICPRL and normal serum PRL. This analysis of gathered groups revealed a trend towards an increase in vascular density in the presence of ICPRL and/or hyperprolactinemia, which was significant for the Ki-67 and Mcm-2 indexes ( Table 6 ).
Discussion
The Ki-67 index, a parameter of cells in the cell cycle, has been extensively studied and validated as a good cell replication marker [24, 25] . The Ki-67 index values in this series were similar to those reported in other studies [26] , although higher in oligodendrogliomas when compared with the series studied by Wharton et al. [20] . More recently, Mcm-2, a pre-replication complex essential for the replication of eukaryotic cells, has been used to assess the cell cycle [27] . The Mcm-2 index in this study showed a good correlation with the Ki-67 index, with the highest median Mcm-2 in all groups of tumors under study. This finding may be assigned to the fact that Mcm-2 can also identify cells in stage G1 to G0, whereas the Ki-67 marker can only identifies cells in G1 [28] .
The tumor angiogenesis grade measured according to microvascular density has also been used as a potential prognostic marker and possible treatment target in CNS tumors [29] , particularly for gliomas. In a study that evaluated angiogenesis in gliomas, Lebelt et al. [30] found a greater microvessel density in glioblastomas and a significant correlation with degrees of malignancy. Angiogenesis in oligodendrogliomas, different from in other CNS tumors, is little known. Usually considered a slowgrowing tumor, in some cases the course is more rapid and the histological features show vascular endothelial proliferation [31] . In a recent study, Netto et al. [32] found a significant difference in microvessel density between grade II and III oligodendrogliomas. In spite of not presenting statistical difference, the higher values of median vascular density in our study were found in oligodendrogliomas. Although the pattern of angiogenesis can be quite different among histological types of CNS tumors, in our series, the comparison of microvessel median densities did not reveal any significant differences between the different types of tumors of our sample.
Barresi et al. [21] found a strong correlation between histological grade, Ki-67 index and extension of tumor vascularization using the CD-105 marker in meningiomas. Our study did not confirm their results, as the correlation between replication markers and angiogenesis markers was weak.
The relationship between PRL and CNS tumors claims for attention since 1980, when the first reports of cases of hyperprolactinemia associated with meningiomas were described [33, 34] . Other cases of hyperprolactinemia associated with a gangliocytoma with immunohistochemically positive PRL [35] , and hyperprolactinemia and third ventricle epidermoid cyst [36] , were reported. Ciccarelli et al. [7] , in a series of CNS tumors found high PRL levels varying from 27% to 61.5% in the different histological subtypes. In our study, despite serum prolactin have varied from 4 to 70 ng/ml and levels of hyperprolactinemia have varied from 20 to 70 ng/ml, the possibility of PRL influence could not be disregarded, since hyperprolactinemia it was found in 30.6% of all tumors.
The mainly source of PRL in the human organism is the anterior pituitary. However, there is clear evidence that several human cells/tissue physiologically express PRL and the main extrapituitary sites described of PRL production are the decidua, mammary tissue, the prostate, the brain, the skin, T-lymphocytes and adipocytes [3, 4, 37] . In this study immunohistochemistry for ICPRL was positive in 45.6% of the tumors. To the best of our knowledge literature describes just one study in which ICPRL in nervous system tumors was observed in 21% of all tumor subtypes [8] . The relationship between ICPRL and serum PRL is complex, given that 1) serum PRL could act in tumor cells regardless of the PRL receptor; 2) intracellular expression of PRL may reflect or not local origin; and 3) the hyperprolactinemia do not necessarily reflect the tumor tissue production.
The functional impact of extrapituitary PRL has been mainly linked to tumorigenesis [37] . There has been growing interest in the recent recognition of the prolixferative and angiogenesis action associated with the activity of PRL, an endocrine and autocrine/paracrine hormone [9, 38] . In this sense, the interest in substances with a therapeutic potential against the proliferative action of extrapituitary PRL has grown with the evidence of tissue expression of PRL-R in 80% -90% of breast cancers, with greater expression in neoplastic tissue than in the tissue adjacent to the tumor [39] , and the expression of PRL and activation of stat5a/b in association with tumor grade in prostate cancer [14] . In this series, the analysis of the combined impact of ICPRL and serum PRL variables revealed a trend towards an increase in microvessel density in tumor tissue and regarding replication, despite assessing different CNS tumors, histological type and grade of malignancy, we found a significant increase in cell replication markers.
To our knowledge, this is the first study to assess the effect of ICPRL and the increase in PRL serum levels on the cell cycle and angiogenesis in CNS tumors. The significant increase in Ki-67 and Mcm-2 indexes when both variables (ICPRL and hyperprolactinemia) were positive suggest that PRL modulation has an effect on cell replication in tumor tissue. Future clinical studies should investigate possible progression paths in patients with CNS tumors who have hyperprolactinemia or ICPRL in tumor cells.
